Different methods of inducing recovery after brain damage and different mechanisms that might mediate the induced recovery have been proposed. One possible mechanism involves the ability of one part of the brain to take over the function of another. We show here in rats that (1) bar-pressing behaviour to eliminate an aversive stimulus, which becomes dramatically impaired after bilateral lesion of the frontal primary motor -sensory cortex, is recovered when the animals receive an electrical intracranial stimulation in the ventral tegmental nucleus of the brain contingent on an adequate response during performance in the behavioural task, (2) in recovered animals an area in the posterior primary motor -sensory cortex, the hindlimb motor -sensory cortex, shows a 35% increase in the number of fos-like immunoreactive cells compared to non-recovered animals, and (3) a bilateral lesion of this area in recovered animals reinstates the impairment in the performance of the behavioural task. These results indicate that an area of the cerebral cortex is able to assume the role of another area after induced recovery from brain damage.
Introduction
It is well established that functional recovery may occur following brain damage (Gage et al., 1983; Marshall, 1984; Held et al., 1985) . The mechanisms that have been hypothesized to mediate this recovery involve processes such as the sparing of function resulting from partial lesions or the compensation by other behavioural strategies used to perform the same task (Almli and Finger, 1988) . A subject of controversy is whether recovery may occur through a mechanism which involves the ability of one part of the brain to take over the function of another (Slavin et al., 1988) . In order to study this mechanism it is necessary to show that the area which is taking over the function becomes activated in recovered animals compared with normal and non-recovered animals. Also, damaging this area in recovered animals must reinstate the behavioural impairment while in normal animals it must not have any effect.
It has been recently shown that a dynamic reorganization of the motor cortex of adult rats occurs after peripheral manipulations . This reorganization may occur rapidly , apparently due to intracortical mechanisms in which the inhibitory circuits play a crucial role (Jacobs and Donoghue, 1991) . Furthermore, these cortical adaptations may depend on the integrity of the cholinergic input to the cortex (Juliano et al., 1991) . Other types of reorganization patterns after peripheral manipulations in the motor and sensory maps of different species have been described (for review see Kaas, 1991) . Nevertheless, the reorganization which may occur after central manipulations has been less studied. Recently, Jenkins and Merzenich (1987) have shown in owl monkeys that after removing the sensory cortex responsive to light touch in digit 3 of the hand, some recording sites next to the lesion that were responsive to other digits before the lesion became responsive to stimulation of digit 3. Moreover, it has been shown that lesions of the primary motor cortex induce the appearance and reorganization of activity in the supplementary motor area, which may account for the subsequent observed functional recovery of a learned task (Aizawa et al., 1991) . In rats with neonatal unilateral cortical damage the recovery of forelimb-placing behaviour has been demonstrated to involve the remaining hemisphere, where an aberrant ipsilateral corticospinal projection may provide the anatomical substrate through which the cortex affects this recovery. Nevertheless, when the lesion is performed in adulthood the recovery of the same behaviour has been shown not to involve the remaining hemisphere (Barth and Stanfield, 1990) .
The removal of the motor-sensory cortex of the rat produces an impairment of the performance of tactile discrimination and placing tasks (Worzniack et al., 1989) . Animals with damage restricted to the forelimb motor -sensory cortex (FLMC) show difficulties in performing tasks which involve the use of their forelimbs in handedness tasks (Castro, 1972; Whishaw et al., 1986; Barth et al., 1990) and in some aspects of lever pressing (Hansing et al., 1968; Price and Fowler, 1981; Gonzalez et al., 1986) . These impairments are due to motor, sensory, associational and motivational deficits. It is also known that animals perform a variety of behaviours with great consistency to obtain an electrical stimulation in different areas of the central nervous system. One site known to produce self-stimulation is the ventral tegmental nucleus (VTN) (Bozarth, 1987) . The electrical stimulation of this area has been shown to have not only motivational properties but also cue properties for learning and memory (Wilkie and Druhan, 1989) . Therefore, the electrical stimulation of the VTN might produce beneficial effects in animals lesioned in the motorsensory cortex due to its motivational and cue properties.
Plastic processes implicated in learning and probably in recovery after brain damage depend on the synthesis of target proteins which produce a functional change in neuronal cells. It has been suggested that these plastic changes depend on the expession of genes like c-fos (Mathies, 1989) . This gene is rapidly and transiently expressed in the nervous system in response to a variety of stimuli (Sheng and Greenberg, 1990) . Since its basal expression is relatively low in most central nervous system regions, fos expression has been shown to provide a technique for metabolic mapping similar in some respects to the 2-deoxyglucose technique (Sagar ef al., 1988), but also with cellular resolution since immunohistochemical fos staining is localized to the cell nucleus. We have recently shown that the number of foslike immunoreactive cells increases in the infragranular layers of the forelimb motor -sensory cortex after performance in an escape task, while other areas of the motor cortex do not show this increase (CastroAlamancos et al., 1992) .
In the present study we addressed several questions.
(1) Will the behavioural impairment induced by means of a lesion in the frontal primary motor-sensory cortex of the rat, mainly circumscribed to the forelimb representation, be reversed by an electrical stimulation in the ventral tegmental nucleus contingent on each correct response in the task? (2) Will any area of the cerebral cortex become specifically activated with respect to the number of cells showing fos-like immunoreactivity, due to the induced recovery? (3) Will the behavioural impairment be reinstated in recovered animals after receiving a lesion in the area which showed such an increase in fos-like immunoreactivity?
Materials and methods
Figure 1 is a schematic representation of the experimental procedure followed in this study.
Preoperative behavioural training
Thirty male Wistar rats (280 -300 g body weight) were trained in an escape task in a Skinner box (Grason Stadler Co., MA). Over 6 days, the animals were trained to press a lever to escape an electric shock (0.3 mA) that was delivered through a grid floor (30 trialdday of a sequence consisting of 5 s of intertrial interval, 3 s of avoidance interval signalled by two lights, and an escape interval of 15 s). If an animal pressed the lever during the avoidance or escape intervals the electric shock and/or discriminative stimulus were ended and the intertrial interval was reinstated. The latency to press the lever after the onset of the light was recorded. As has been shown with similar protocols (Meyer ef al., 1960) rats learn to press the lever with their forelimbs to escape from the aversive stimulus, but do not learn to avoid it. The avoidance interval has a signal function which aids the animals in learning.
Forelimb motor -sensory cortex lesions and electrode implantation Twenty-four hours after the last day of training the animals were anaesthetized with sodium pentobarbital (50 mg/kg) and placed in a stereotaxic instrument (Stoelting 51200) (Stoelting Co., IL, USA). Four groups were formed. A group of animals received bilateral lesions of the forelimb motor-sensory cortex (FLMC group; n = 10).
Craniotomy was performed 0-4 mm anterior to bregma and 1 -4 mm lateral to the midline, and the cortex was removed by careful suction down to the underlying white matter. These lesions of the primary motor -sensory cortex included the forelimb representation of the somatic sensorimotor cortex and the primary motor cortex of other somatic areas (vibrissae, face etc.) (Hall and Lindholm, 1974; Neafsey et al., 1986) . Cytoarchitectonically the area corresponds rostrally to the lateral agranular cortex and caudally to the lateral agranular and part of the granular cortex (Donoghue and Wise, 1982; Zilles, 1985; Zilles and Wree, 1985) (Fig. 2a) . 
Postoperative behavioural training
Six days after surgery the animals were submitted to a first behavioural postoperative period which lasted 7 days. The behavioural procedure followed was identical to the one in the preoperative period with the only difference that the animals that had been implanted with an electrode in the VTN received an intracranial stimulation (ICS) in the VTN (100 Hz rectangular pulses of 0.2 ms; train duration per stimulation 0.5 s, intensity range 0.9-1.5 mA) each time they pressed the lever during the avoidance or escape intervals. Therefore, each animal could only receive 30 ICSs each day. The intensity was selected for each animal so as to produce a rewarding effect. After this period the animals with the electrodes implanted were submitted to a second postoperative period that lasted 5 days in which they did not receive an ICS after pressing the lever to avoid or escape from the aversive stimulus.
C-fos imrnunohistochemistry 25 male Wistar rats (280-300 g body weight) were subjected to the previously described experimental procedure in order to study the number of fos-like immunoreactive cells in the cerebral cortex of animals in the FLMC (n = 5), FLMC + VTN (n = 5) and sham (n = 3) groups. Three additional groups of animals yoked to the animals in the sham group (Yoked S; n = 2), to the animals in the FLMC + VTN group (Yoked FV; n = 2) and to the animals in the FLMC group (Yoked F; n = 3) were also studied. The animals in the yoked groups were placed in boxes identical to those of their counterparts but without a lever, and submitted to the same manipulation and stimulation each day. The group yoked to the animals in the sham group (Yoked S) received the same frequency, duration and intensity of aversive stimulus as their counterparts in the sham group. The group yoked to the animals in the FLMC + VTN group (Yoked FV) had been lesioned in the forelimb motor -sensory cortex, implanted with an electrode in the ventral tegmental nucleus and received the same aversive stimulus plus the same intracranial stimulation as their counterparts in the FLMC + VTN group. The group yoked to the animals in the FLMC group (Yoked F) had also been lesioned in the forelimb motor -sensory cortex and received the same aversive stimulation as their counterparts in the FLMC group. In order to study the effect of the lesion alone upon the fos-like immunoreactivity, a group of animals (n = 3) were lesioned in the forelimb motor -sensory cortex (FL group), and an additional group (n = 2) was left intact (C group). Table 1 shows a summary of the experimental conditions to which the different groups were subjected. It is important to note that the amount of aversive stimulation and the ability to press the bar differed between the groups that received aversive stimulation and had the opportunity to press the bar.
Three hours after the last day of the first postoperative training period each animal was anaesthetized with a lethal dose of sodium pentobarbital and perfused with 50 ml of saline followed by 4 % paraformaldehyde in 0.12 M phosphate buffer (pH 7.4) at room temperature. The brain was then removed and left in the above fixative overnight. Sections (70 pm thick) were cut with a vibrating microtome. The 70 pm sections were incubated in 1 % hydrogen peroxide in 100% methanol for 10 min to remove endogenous peroxidase staining. Following this treatment the sections were washed with phosphate-buffered saline (PBS) and incubated in 10% normal rabbit serum for 30 min. Sections were then incubated with a sheep c-fos antibody (Cambridge Research Biochemicals, Cambridge, UK) for 48 h at a dilution of 1 : lo00 in PBS (pH 7.4), 0.2% Triton X-100 and 0.1 % bovine serum albumin. Sections were washed in PBS three times (I5 min per wash) and incubated with a biotinylated anti-sheep antibody (Vector) for 2 h at a dilution of 1 :200 in PBS and 0.2% Triton X-100. After washing in PBS, the sections were incubated with ABC solution (Vectastain, Vector, Burlingame, CA, USA) for 2 h, rinsed three times in PBS and placed in diarninobenzidine for 10 min. The sections were then mounted in slides for visualization under the microscope. Four sections for each animal were quantified under a microscope with the aid of a camera lucida which projected a test square grid delimiting 6400 pm2 on the section. The number of fos-like immunoreactive cells inside the square was counted in six different areas of each cortical layer (layers 11-111, IV, V and VI) in the hindlimb motor-sensory cortex (HLMC). Figure   2 shows cresyl violet-stained sections representing the FLMC and HLMC of the rat. The area evaluated, the HLMC, is shown in Figure  2b . The cortical layers were identified with the aid of the atlas of the rat cortex of Zilles (1985) and by double staining the sections with cresyl violet. All the data shown concerning the number of fos-likepositive cells (except the data in Table 2 ) plus all the statistical analyses were performed after subtracting the mean number of positive cells of the corresponding yoked groups from the data of the sham, FLMC and FLMC + VTN groups (Yoked S, Yoked F and Yoked FV, respectively). Thus, the results shown reflect the specific increase in the number of fos-like-positive cells of performing the task in the sham group, the specific increase of non-recovery in the FLMC group and the specific increase in the changes induced by recovery in the FLMC + VTN group. The pooled estimates used to perform the statistical analyses were the means of the six counts performed in each section. Finally, it should be noted that fos antisera cross-reacts with a family of fos-related proteins (Sonnenberg et al., 1989) . Thus, we are probably observing not only c-fos but also fos-B and a number of Fos-related antigens. Therefore, we refer to the immunoreactivity as fos-like.
Posterior motor -sensory cortex lesions
The posterior motor-sensory cortex (PMC) was lesioned in 14 male Wistar rats. The cortex 0-3 mm posterior to bregma and 1-3 mm (Zilles, 1985) and corresponds cytoarchitectonically to a part of the lateral agranular cortex and a larger portion of the granular cortex (Donoghue and Wise, 1982; Zilles and Wree, 1985) (Fig. 2b) . Figure 3d -f shows an example of the rostra], central and caudal poles of this lesion. Seven rats lesioned in this area belonged to the FLMC + VTN group previously described, which had been submitted to the experimental procedure and had completed the second postoperative period [(FLMC + VTN) + PMC group; n = 71. The other seven rats lesioned in this area were normal non-lesioned animals that had been trained in the behavioural task (PMC group; n = 7). Six days after surgery the animals were again tested for performance in the behavioural task.
All the animals in the study were subjected to histological analysis, which revealed that the lesions were located in the area of the forelimb motor-sensory cortex and hindlimb motor-sensory cortex (Fig. 3) . Some of the lesions penetrated the underlying white matter at the central pole of the lesion. Nevertheless, this did not seem to account for the intragroup variability in the postoperative performance of the behavioural task. Therefore, these few animals were not eliminated from the study.
Results
Forelimb motor -sensory cortex lesions and contingent electrical stimulation of the ventral tegmental nucleus Figure 4 shows the mean escape latency per group in the escape task during three periods: the preoperative period (3 days), the postoperative period with intracranial stimulation (7 days), given only to the animals in the VTN groups, and the postoperative period without ICS (5 days).
Only the animals in the VTN groups were subjected to this last period. Analysis of variance (ANOVA) indicated that the latency to escape of the FLMC group differed between days [F(9,90) = 139. Mean escape latency per group ( f SEM) in an escape paradigm in a Skinner box during three periods: preoperative period (3 days), postoperative period with intracranial stimulation (ICS) (7 days), and postoperative period without ICS (5 days). In the preoperative period all the animals were trained in the behavioural paradigm for 6 days (data shown for the last 3 days). In the postoperative period with ICS the animals in the VTN groups (FLMC + VTN and SHAM + VTN) received an intracranial stimulation in the ventral tegmental nucleus contingent on a bar press during the avoidance or escape intervals of the behavioural sequence. During this period the other groups (FLMC and SHAM) were submitted to normal performance (without ICS) in the behavioural paradigm. In the postoperative period without ICS the animals in the VTN groups were subjected to normal performance (without ICS) in the behavioural paradigm.
FLMC + VTN group differed between days [F(14,135) = 25.4; P < 0.00011. The Tukey test showed that each of the preoperative days differed significantly from the first (P < 0.01), the second (P < 0.01) and the third (P < 0.05) postoperative days, but not from any of the following postoperative days. Therefore, recovery for the animals in the FLMC + VTN group was evident on the fourth postoperative day. Furthermore, after the retrieval of the treatment method (postoperative period without ICS) the levels of recovery were maintained.
C-fos immunohistochemistry
Fos-like immunostaining was localized in the nuclei of the neurons. Preadsorbtion of the antibody with the c-fos peptide (Cambridge Research Biochemicals) abolished the immunostaining. The basal expression of fos was relatively low in intact animals. In our study the only intact group was group C. However, all the data were compared with the sham animals which were subjected to behavioural performance in the escape task and were manipulated prior to perfusion. Therefore, the basal levels of the control animals in this study (sham group) were increased due to behavioural performance and manipulation.
In the group of non-recovered animals (FLMC group), low intensity staining was observed in neurons from all layers and areas of the cerebral cortex. Immunostaining was much more intense in the hindlimb motor-sensory cortex of the recovered animals (FLMC + VTN group) (Figs 5 and 6) . In addition, differences were observed in the Note the increase between the recovered and non-recovered animals in the hindlimb motor-sensory cortex. Also note that the fos-like immunoreactivity is related to the capacity to perform the task, since the animals which did not recover after the lesion of the forelimb motor-sensory cortex (b) showed a lower number of fos-positive cells compared to the recovered (a) and the sham (c) animals. The sham animals showed a normal high distribution of fos-positive cells in the HLMC typical of normal animals (non-lesioned) performing the behavioural task. This fos-like expression in normal animals has been shown to be the consequence of the different stimuli presented in the behavioural task number of immunoreactive cells between the groups in the hindlimb motor-sensory cortex as described below. It is important to note that the high number of immunoreactive cells observed in the HLMC of the sham animals (sham group) is the normal distribution of fos-positive cells in non-lesioned animals performing the behavioural task (Fig.   6 ). This expression has been shown to be the consequence of the different stimuli presented in the behavioural task . As a control of the specificity of the fos-like induction in the HLMC, the number of immunoreactive cells was evaluated in the temporal cortex (Tel according to Zilles, 1985) . There were no significant differences between the groups in fos-like induction in this cortical area (data not shown). Table 2 shows the mean number of foslike positive cells for each of the groups in the study.
Effect of functional recovery from forelimb motor -sensory cortex lesions on fos-like immunoreactivity in the hindlimb motor -sensory cortex
The recovered animals (FLMC + VTN group) showed a 35% increase in the number of fos-like immunoreactive cells of the hindlimb motor -sensory cortex compared to the non-recovered animals (FLMC group). This increase did not occur in other adjacent areas of the cortex (i.e. temporal cortex). In order to eliminate from the experimental groups the effects of aversive stimulation, electrical stimulation of the VTN and manipulation on fos-like immunoreactivity , the data were analysed by subtracting the mean number of positive cells of the corresponding yoked groups from the sham, FLMC + VTN and FLMC groups. electrode placement (P < 0.OOOl) in the FLMC + VTN group. Also, the HLMC ipsilateral and contralateral to the electrode placement in the FLMC + VTN group showed a significant increase with respect to the FLMC group (P < 0.OOOl). In layer IV the HLMC ipsilateral to the electrode placement in the FLMC + VTN group showed a significant increase with respect to the FLMC group (P = 0.0016). In layer V the HLMC ipsilateral to the electrode placement in the FLMC + VTN group showed a significant increase with respect to the sham group (P = 0.0015), to the HLMC contralateral to the electrode placement in the FLMC + VTN group (P < 0.0001) and to the HLMC of the FLMC group (P = 0.0006).
Effect of forelimb motor -sensory cortex lesions on fos-like immunoreactivity in the hindlimb motor -sensory cortex A great quantity of immunoreactive glial cells was observed in the sections of the lesioned animals. These glial processes were circumscribed under the lesion; in the white matter and in the grey matter remaining under the lesion in some sections. Apparently there were no differences between the groups in this glial-like fos-like immunoreactivity .
The effect of damaging the forelimb motor -sensory cortex upon the induction of fos-like immunoreactivity in the hindlimb motor-sensory cortex was analysed by comparing a normal nontrained, non-lesioned control group with a non-trained, lesioned control group. Table 2 shows the number of fos-like positive cells in the hindlimb motor-sensory cortex of a lesioned control group (FL group) and of a normal non-lesioned control group (C group). ANOVA revealed that there were no differences in the number of fos-like positive cells in any of the layers of the hindlimb motor -sensory cortex between these two groups. Transfer of function after recovery from brain damage 861 a - show any impairment in their ability to perform the task after a lesion in the posterior motor-sensory cortex, while animals that have recovered from the behavioural impairment produced by a lesion in the forelimb motor-sensory cortex become impaired if they are lesioned in the posterior motor -sensory cortex.
Effect of posterior motor -sensory cortex lesions
--
The present results show that after bilateral lesions of the frontal primary motor -sensory cortex, which includes the forelimb motor -sensory cortex, functional recovery may be induced by a contingent electrical stimulation in the ventral tegmental nucleus. Furthermore, our results indicate that another area of the posterior primary motor -sensory cortex, the hindlimb motor-sensory cortex, shows an increase in the number of cells with fos-like immunoreactivity in specific cortical layers, and that bilateral lesions of this area reinstate the impairment in recovered animals but have no effect in normal trained animals. Therefore, these results lead us to the conclusion that after inducing functional recovery from brain damage, an area of the cortex which was not implicated in the performance of the behaviour studied is able to assume the function of the lesioned area. The effects of the FLMC and HLMC lesions in our study are in accordance with recent data concerning damage to different subdivisions of the motor -sensory cortex of the rat defined cytoarchitectonically (Barth et al., 1990) . In this study, it was shown that lesions of the forelimb representation of the motor cortex induce a deficit in tasks evaluating forelimb use, while lesions of the hindlimb representation do not induce deficits in these tasks. This is our case and therefore it shows the specificity of our lesions based on cranial landmarks and posterior cytoarchitectonic analysis. It is also known that even though -(FLMC+VM)+PMC the relative size and shape of the primary motor cortex map may vary, the location of the somatic areas represented is very consistent (Donoghue and Sanes, 1988) . Cytoarchitectonically, the forelimb motor-sensory cortex consists of a large agranular lateral cortex where the thresholds for the induction of movements by microstimulation are very low, and the cells in layer IV do not respond to light cutaneous stimulation. It has a smaller portion of granular cortex which contains cutaneous receptive fields in the densely cell-packed layer IV and high thresholds in the infragranular layers for the induction of movements.
The hindlimb motor -sensory cortex is located caudally to the forelimb representation, and it consists of a small portion of agranular lateral cortex and a larger granular cortex (Donoghue and Wise, 1982; Zilles and Wree, 1985) .
The question of why the animals that receive an intracranial electrical stimulation in the VTN recover from their behavioural impairment remains unclear. We have recently determined that the effect of the electrical stimulation of the VTN upon recovery is specific, since electrodes placed adjacent to but not in the VTN do not induce recovery . Besides motor control deficits, animals lesioned in the motor cortex may present motivational and sensory deficits. The motivational deficit is probably due to the fact that they obtain less reward for their behaviours, because of the high number of errors they perform, and therefore their responses tend to extinguish (Isaacson, 1988) . These animals also show a great sensory deficit (Andersen et al., 1990) which is related to an associative deficit, because they have problems in associating their sensory inputs with other cues and with their responses. Therefore, the electrical stirnulation of the VTN may be effective in compensating the sensory and motivational deficits of the animals lesioned in the FLMC, by providing additional information through an external cue and by reinforcing the animals for the correct responses. It is also important to note that the stimulation of catecholaminergic systems by d-amphetamine has been shown to be effective in accelerating recovery from brain damage (Fenney et al., 1982) . Since electrical stimulation of the VTN also activates these systems, it may support the hypothesis of a non-specific role of catecholamines in recovery from brain damage. A number of studies (Morgan et al., 1987; Dragunow and Robertson, 1987; Jeffery et al., 1990) have shown that adaptive plastic changes in the nervous system induce the expression of immediate early genes, such as c-fos. The c-fos protein is also expressed shortly after an injury to the nervous system (Herrera and Robertson, 1989; Dragunow er al., 1990) . Nevertheless, the fos-like immunoreactivity observed in our study is not related to this expression due to the fact that our animals were studied 13 days after injury, and we have shown that the lesion alone does not increase the number of immunoreactive cells in the hindlimb motor-sensory cortex.
In our study a number of controls were used to eliminate the possibility that the fos-like induction observed was due to non-specific factors such as the injury, the aversive stimulation, the manipulation of the animals and the intracranial stimulation. Our results show that layers 11-111 of the hindlimb motor-sensory cortex show a specific increase in fos-like immunoreactivity due to the induced recovery. It is known that layers 11-111 in the motor cortex of the cat seem to be very important in learning motor tasks, because cells located in these layers produce long-term potentiation (Sakamoto et al., 1987; Keller et al., 1990) . The cells in these layers are involved in corticocortical connections which have been shown to play an important role in the performance and learning of motor tasks by monkeys (Favorov et ul., 1988) . Our results also show that layer V of the hindlimb motor -sensory cortex ipsilateral to the electrode placement shows an increase in fos-like immunoreactive cells in the recovered animals, suggesting that this unilateral increase is related to the use of one forelimb for the bar-pressing behaviour. This may be in accordance with the fact that unilateral rewarding electrical stimulation induces reversal of handedness (Hernandez-Mesa and Bures, 1985) . It is possible, though this is difficult to assess in our behavioural task, that the animals used mainly their forelimb contralateral to the electrode placement. It is interesting to note that the recovery observed after lesions of the sensory or thalamic inputs to the motor cortex of the cat or monkey has been shown to follow the reorganization of the alternative input to the motor cortex (from the thalamus after somatic sensory cortex lesions or from somatic sensory cortex after thalamic lesions). This reorganization consists of the formation of corticocortical or thalamocortical connections which activate specifically layers I1 -I11 and V of the motor cortex (Asanuma and Arissian, 1984; Asanuma et al., 1985) . This result correlates very well with our own, as we show an increase in the number of fos-like immunoreactive cells in layers 11-111 and V of the HLMC of recovered animals. This probably reflects the reinforcement of corticocortical connections in the HLMC. Therefore, the fos-like induction in these cells in our model reflect the reorganization of the neural network responsible for the induced functional recovery from brain damage.
Altogether, our results show that there is an increase in the number of cells with fos-like immunoreactivity, possibly reflecting plastic changes in specific layers of the hindlimb motor -sensory cortex after induced recovery from a lesion in the forelimb motor-sensory cortex. This increase and the fact that damaging the HLMC in recovered animals reinstates the behavioural impairment indicates that an area of the cortex is able to assume the function of another area of the cortex that has been lesioned. This model of recovery of function and induced transfer of function in the cerebral cortex takes into account a number of characteristics which might make it adequate for the study of the plastic changes necessary to induce recovery after brain damage. First, a lesion induced measurable and reliable impairment. Second, a method to induce recovery without which recovery would not have occurred.
Third, the recovery persists after the retrieval of the treatment. Finally, we present evidence that another area of the cortex may be able to assume the function of the damaged area. In conclusion, induced functional recovery from brain damage may be associated with plastic changes in an adjacent area of the cortex.
